We declare no confl icts of interest ABSTRACT A mutation described as a G-to-A transition has been reported in SDF-1 gene (SDF1-3'A), being prevalent in all ethnic groups, except in Africans. This mutation is associated with the onset of AIDS progression. Our aim was to identify the frequency of this allele in different groups from Brazil: Tiriyó and Waiampi Amerindian tribes (Asian ancestry); selected blood donors from Joinville (German descendents); and from Salvador (predominance of African and Portuguese mixture). SDF1-3'A was screened by PCR/RFLP with MspI enzyme. Our results showed a high allelic frequency in Tiriyó tribe (0.24) and Joinville population (0.21), and a frequency of 0.17 and 0.05 in the Salvador population and in the Waiampi tribe, respectively. There was no statistical difference among the allelic frequencies in the studied ethnic groups, except in the Waiampi. Due to the great genetic diversity among Brazilian population and the lack of studies on SDF1-3'A allele, our study of this allelic frequency in these different Brazilian ethnic groups could be important to identifi cation of biomarker for therapeutic support in progression to AIDS and a molecular marker for analysis of evolutionary relationships among human populations.
INTRODUCTION
Human genetic diversity is determined by biological and demographic factors and has essential implications for understanding the genetic basis of illnesses. Mutations may have important effects that should be studied because they may present opportunities to develop better strategies against some disease.
Since the chemokine receptor and ligands were identifi ed, several reports have been published showing the relationship between mutations in chemokines and their receptors gene and the susceptibility to HIV-1 infection or progression to AIDS. [1] [2] [3] CCR5 has been described as a major HIV-1 co-receptor, and the correlation between 32 base pair deletion in CCR5 gene (CCR5-32) and R5 HIV-1 infection susceptibility has been observed. 4, 5 Some other co-receptors to HIV-1 have been identifi ed, as well as the Stromal-Derived Factor 1 (SDF-1/CXCL12), which is the principal ligand for CXCR4, the HIV-1 co-receptor for T lymphocyte cells. A transition at position 801 (G to A), SDF1-3'A, was described as a common polymorphism in the 3' untranslated region of the gene. It is not yet clear if the homozygous SDF1-3'A mutation genotypes does associated with an increase or decrease in the progression to AIDS and/or with protection against infection. 6, 7 In pediatric AIDS, for example, it has been suggested that the protective effect of CCR5-32 appears to be abrogated by the SDF1-3A genotype. 8 In fact, the frequencies of the SDF1-3'A allele were analyzed in cohorts of HIV-1 infected and non-infected individuals. These data together have reported a delayed progression to AIDS, and no correlation to a diminished susceptibility to HIV-1 infection. 9, 10 Although the host genetic factors have become an important matter in HIV/AIDS research, so far there are rare reports about the frequency of this host polymorphism among uninfected and HIV-1 positive populations from Brazil.
Worldwide population surveys have shown that the prevalence of the 3'A mutation varies signifi cantly in some ethnical groups and that the allelic frequencies are correlated with ge-netic backgrounds and geographical regions. The SDF1-3'A allelic frequency has been most frequently found in Asian and Caucasian (0.26 and 0.21, respectively), in Hispanic populations (0.16), and lower in African (0.06). 9 Analyses of biomarkers at human autosomic chromosomal have shown a geographical structuring of ethnical groups at molecular level 11, 12 and propose that a undersized group migrated out of East Africa and their descendents have expanded to most of the current population. 13 To evaluate different human populations, specifi c biomarkers have been an effective approach for support in targeted therapy for AIDS, as well as to survey population ancestry. Thus far, an association has been observed for susceptibility to AIDS progression and SDF1-3'A allele. Polymorphisms of various genes like CCR5-32, CCR2-64I, and SDF1-3'A have been associated with disease development and, together with others, it has been suggested that they could be used as biomarker.
Considering that HIV/AIDS epidemic is a serious public health matter in Brazil, and the paramount importance to obtain a better knowledge of population genetic background in this country as well as the infl uence of diverse polymorphisms on progression to AIDS, we investigate the allelic frequency of 3'A allele in three different Brazilian ethnical groups.
MATERIAL AND METHODS

Study population
We studied a total of 565 individuals from different Brazilian ethnic groups, including randomly selected individuals from sentinel surveillance areas from Salvador (13° S; 38°3112 W) (mixed African and Portuguese descendent), selected blood donors from Joinville (26°18 S; 48°50 W) derived from a cohort of Germany descendents (European ancestry), and Amerindians isolated tribes of Tiriyó (3°30 S; 53°21 W) and Waiampi (Asian ancestries) from the Amazon River basin (North region). All participants were negative for HIV-1 infection, and samples were collected with the informed consent signed by participants. The project was approved by the Research Ethics Committee of Centro de Pesquisas Gonçalo Moniz (CPqGM/FIOCRUZ).
Salvador, Bahia: Salvador, the capital of Bahia state, is located in the Northeast region of Brazil. Roughly 80% of the city's 2.5 million inhabitants 14 are black or mixed race descendants of Africans and Portuguese. 15 A cross-sectional study population was randomly selected from sentinel surveillance areas previously established for the investigation of various infectious diseases. 16 This population was comprised of 38.6% males and 61.4% females. Mean age was 22.1 for males and 29.3 for females.
Joinville, Santa Catarina: Joinville is located in the South region of Brazil. Its population of approximately 430,000 inhabitants is mainly of European descendants.
14 Selected German descendants blood donors (b.d.) were studied -88% were male and 12% were female, with an age distribution of 18 to 60 (average 39) years and 19 to 42 (average 29) years, respectively. They had no reported risk behavior for sexually transmitted diseases.
Brazilian Ten milliliters of whole blood were collected from each individual, using ethylene-diamine tetra acetic acid (EDTA) as anticoagulant. All samples were collected with participants' informed consent.
DNA was extracted from peripheral blood mononuclear cells (PBMCs), and whole blood using the DNAzol commercial kit (GIBCO-BRL, Rockville, USA). PCR was performed in a Perkin-Elmer 9600 thermal cycler (Perkin-Elmer, Connecticut, USA) using 100-200 Ng of DNA.
SDF-1 analysis by PCR
The SDF-1 3'UTR gene was amplifi ed by PCR containing 1.25 mM dNTPs, 20 mM MgCl2 PCR buffer, 2.5 pmoles for each of the following primers: 5'-CAGTCAAC-CTGGGCAAAGCC-3' and 3'-AGCTTTGGTCCTGA-GAGTCC-5', and 1U Taq DNA polimerase in a 25 µL fi nal volume; 35 cycles were performed, consisting of 30" at 95º C, 1' at 58º C and 30" at 72º C with a fi nal extension of 10'at 72º C (Winkler et al. 1998 ).
9
SDF1 genotyping
MspI 5U restriction enzyme (BioLabs inc., New England) was used to digest the PCR products in a fi nal volume of 20 µL and incubated during 3 hours at 37° C and then subjected to 2% agarose gel electrophoresis. The fragments were visualized by ethidium bromide staining and UV fl uorescence. SDF-1 wild-type (SDF-1/SDF-1), heterozygous (SDF-1/3'A), and homozygous to 3'A allele (3'A/3'A) genotypes were detected by the presence of bands with 202 bp and 100 bp, 302 bp, 202 bp and 100 bp, and single band of 302 bp, respectively. Ambiguous results were resolved by performing Frequency of SDF-1 in Brazilian population electrophoresis of products of enzyme restriction in a 10% acrylamide gel, and the gel stained with silver. The images of the gel were captured and recorded with the Eagle Eye Imaging System (Stratagene, USA).
Statistical analysis
A database with the results was set up using Epi Info software version 6.04d. Genotypic and allelic frequencies were estimated and compared by Gene counting method between the groups. Conformity with Hardy-Weinberg equilibrium of genotypic frequencies was tested and heterogeneity among population samples was evaluated using χ2 test. Differences between groups were considered to be statistically signifi cant when p < 0.05.
RESULTS
We analyzed the frequency of SDF1-3'A in three different ethnic groups from distinct Brazilian geographic regions. The differences observed were not statistically signifi cant when we compared the allelic frequencies found (p>0,005), except in Waiampi tribe. Interestingly, SDF1-3'A frequency was highest in Tiriyó and lowest in Waiampi Indigenous groups (0.24 and 0.05, respectively); and as expected, 0.21 in Joinville's blood donors and 0.17 in Salvador's inhabitants. Table 1 summarizes the mutation distribution in different genotypes of SDF-1 gene in the studied groups. No statistical difference from Hardy-Weinberg equilibrium for frequency distribution was found.
DISCUSSION
The CCR5-32, CCR2-64I and SDF1-3'A polymorphisms are three of the main host factors to protect against HIV-1 infection and/or AIDS progression. It is currently admitted that the 32bp deletion in the gene codifying CCR5 protein is the most evident host mutation related with HIV-1 illness. 3 Studies on the CCR2-64I mutation showed that, even in heterozygotes, an increased AIDS-free survival was observed. 17 The controversy still remains about the SDF1-3'A effect on disease progression and viral entry in host cell. 9, 2, 18, 7, 19 A few studies have demonstrated a low frequency of SDF1-3'A in the general Brazilian population. 20, 21 In this work we showed that the SDF1-3'A allele was found in all studied ethnic groups, corroborating previous studies. 9, 21 The highest SDF1-3'A allele prevalence observed in Tiriyó tribe (0.21) and Joinville population (0.24) (Asian and Caucasian ancestries, respectively), confi rm early studies showing a higher frequency in Asian and Caucasian descendants (approximately 0.26 and 0.21, respectively) and a lower frequency in African descendents (0.06). 9 Interestingly, the Waiampi tribe presented a notably lower frequency (0.05) than that of the Tiriyó tribe (0. 21) , showing that the inter-tribe diversity is greater than that found among different ethnicities. Although Tiriyó and Waiampi tribes are descendents of a single ancestral group, 22,23 they demonstrated that the frequency of the β-globin gene haplotypes was lower and there were low levels of heterozygosity and intrapopulational differentiation. There was a single clearly predominant haplotype in most tribes, including the Waiampi, but those of the Tiriyó presented no less than four haplotypes with relatively high frequencies, suggesting that the genetic distances between Brazilian Amerindians are low, except for the Tiriyó tribe. There is general agreement that the Native American founder populations migrated from Asia into America through the Bering Strait. 24 We observed that Waiampi tribe presented a lower frequency than that found for Tiriyó tribe. This could be explained by some evolutionary forces, such as the founder effect, as well as by a genetic drift, and the most important factor, the interethnic admixture, which could change gene frequencies. Nevertheless, genetic analyses in Brazilian Amerindians have shown that, while the number of heterozygous and alleles are low, there is a clear heterogeneity among tribes, showing a diversity of allelic distribution models. This fact suggests that comparative analyses survey of an undersized number of Amerindian groups may not suffi ciently represent the entire variety of genetic variability in Brazilian Amerindians. 25 When we analyzed the genotype distribution (Table I) , we observed that Salvador (with its high number of African descendents), Joinville (Germany descendents), and Tiriyó (Amerindian) populations are homogenous (p = 0.1285). The inclusion of the Waiampi group engendered extremely signifi cant heterogeneity (p = 0.0001).
Grimaldi, Acosta, Machado et al. The frequency of 3'A mutation in Salvador samples is not consistent with other populations of predominantly African origin, refl ecting the extensive African/European miscegenation in this population. The relatively high frequency of SDF1-3'A observed in Salvador samples can be attributed to admixture with European ancestry population, since this mutation is common in European but rare or absent in African populations. The low mutation frequency found in Waiampi tribe could also be explained by the interethnic admixture with non-Amerindian populations, even though, as it is found in Asian population, it may has been present in the ancestral population.
Although there is less information about the prevalence of this polymorphism in Brazilian population or about their impact as potential genetic biomarkers, the relative homogeneity in the frequency obtained support the earlier observations that the frequencies of SDF1-3'A mutation by itself may not be suffi cient as a biomarker to determine the ancestry.
An understanding of the distribution of these frequencies in Brazilian ethnic groups could be important mainly because, together with others polymorphisms associated with HIV infection and AIDS progression, it will enable further comparative surveys among HIV-1 infected populations. Indeed, the detection of SDF1-3'A allelic frequency in the Brazilian population could give support to the improvement of methods to aid diagnosis, classifi cation of disease status, and provide means to delineate therapeutic strategies.
